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"How  to  Increase  Speed  and  Ravines?" 

A  dimple  Introduction  to  the  Technique  of  "Optimisation" 

by  Jin  Han 

In  designing  an  airplane,  how  can  weight  be  minimised  with in 
the  requirenen to  of  adequate  safety  and  reliability?  In 
designing  a  rocket,  how  cm  maximum  range  be  achieved  within 
the  fixed  con.i.ien  of  rake-off  weight?  The  technique  of 
"optimisation"  can  be  borrowed  to  help  r.olv  problems  of  this 
kind , 

The  technique  of  "optimization"  is  a  n  v:  realm  1  eve  loped  by  the  techniques  of  modem 
scimne:  its  role  in  specialized,  theoretical  res  arch  and  soecialized  technical  applic¬ 
ations  has  appeared  in  the  last  few  decades  and  particularly  in  the  last  ten  or  so  y.n~s. 
This  dev-'T  went  cannot  be  son-:' •? ted  from  the  practice!  recuirenents  of  the  development 
of  sci  nee  and  toe1  no  logy  end  the  development  and  wide-spread  use  of  computer  technology, 

THh  0  1IGIIT  OTi*  Tib:  bCNCTH1  OF  "OPYTiUhA' TON" 


Cue  could  cay  that  'he  ori  ;iral  concept  of  "optimization"  existed  very  early.  Tor 
example,  using  a  string  of  a  given  length,  what  kind  of  shape  should  it  be  laid  down  in 
so  that  it  encompasses  the  largest  area?  Men  had  already  answered  this  question  even  in 
ancient  times:  use  the  string  to  encompa.es  a  circle,  and  it  will  enclose  a  larger  .area 
than  any  other  shape.  However,  a  theoretical  investigation  and.  solution  had  to  •.■nil 
until  the  eighteenth  century. 

In  I696  Johannes  Bernoulli  published  a  letter  calling  the  attention  of  mathematicians 
to  the  so-called  problem  of  the  J.-si  st  clone  and  fastest  line  of  descent.  The  problem 


states:  riven  two  moists  A  and  B,  not  defining  a  horizontal  line, 

lowed  between  the  two  points  in  the  shortest  time  (see  fioure  l). 


what  line  can  be  fol- 
At  first  sight,  it 


seems  that  a  straight-line  distance  is  short -wit  and,  therefore,  would  reqiure  the 


shortest  time.  However,  it  is  not  so.  In  ‘r,r  l?gM  of  later  res  arch,  wo  know  that  the 
far  test  line  of  descent  is  a  circular  line.  This  is  because,  nl  though  the  line  is  long  -r, 
an  object  acquires  more  speed,  on  the  relatively  longer  line  segment.  From  the  invor— 
ti"a  .ions  of  men  into  the  ro clems  of  fastest  line  of  "'escent  .and  the  circumference  of 
a  circle,  which  have  b  m  mentioned  above,  ea.,ao  the  study  of  variation. 


And  Tie  me  thods 


ire'ortont  uses 


in  solving  all  kinds  of  "ontinia alien 


of  the  study  of  variation  have  vw' 
problems. 

In  Chinese  history,  the  story  is  bold  of  the  horserace  between  Chi  v/ang  *'yan  Ji« 

Cno  day,  Chi  v/ang  wanted  Tyan  Ji  to  have  a  horserace  with  him,  and  he  stipulated  that  each 
of  them  would  choose  one  horse  from  among  their  good  horses,  mediocre  horses  an/1  he/;  horses. 
Moreover,  he  also  stipulated  if  anyone's  horse  lost,  the  loser  must  r>ay  a  thousand 

nieces  of  gold  and,  if  a  horse  v; on,  the  winner  would  get  a  thousand  pieces  of  gold,  because 
Chi  'bang's  good,  mediocre  and  had  horses  were  all  stronger  than  Tyan  Ji's  horses  in  the 
correspond ing  classes,  it  seemed  that  Chi  Vang  would  v/in  three  thousand  pieces  of  "old, 
however,  Tyan  Ji’s  advisor,  Swun  din,  put.  him  in  mind  of  a  strategy.  If  T'yan  Ji  used  his 
had  horse  against  '.’hi  Vang's  good  horse,  used  his  mediocre  horse  against  Chi  hang's  bed 
horse  and  used  his  good  horse  against  Chi  Vang's  mediocre  horse,  then,  the  result  of  the 
race  would  he  that  Tyan  J.i's  good  and  mediocre  horses  would  both  v/in,  and  he  would  win  a 
thousand  pieces  of  .gold •  This  is  a  simple  example  of  an  "optimisation"  problem. 


Fig  1,  Fastest  Line  of  descent 

From  the  example  above,  we  can  understand  the  origin  of  the  original  concept  of  "opti¬ 
misation"  and  its  development.  What  it  is  necessary  to  point  out  js  that,  only  if  a  given 
society  has  practical  needs  is  it  possible  to  promote  the  speedy  development  of  that  society. 
Vi-ing  the  Cecond  Vorld  Var,  from  the  problem  of  the  organisation  of  production,  the  pro¬ 
blem  of  materiel  coordination  and  shipment,  the  problem  of  the  disposition  of  troops,  the 
problem  of  aerial  rrconnoi  sance  and  submarines,  from  these  "Tactical  requirements,  cane 
theories  of  planning,  theories  of  counter— mas  cures  and  so  on,  Hadar  technology  was  dis--ov- 
e"ed  and  began  to  be  ap • aied  during  the  period  of  the  Second  Vorld  bar.  It  was  a  huge 


technological  stop  forward  over  the  old  me Uiod  of  ienending  on  hearing  the  sound  of  engines 
in  order  to  fix  the  position  of  aircraft.  'Phis  step  forward  caused  the  o<  porlunitiec  for 
int  'refuting  enemy  bombers  to  go  up  ten  fold,  raoreov  r,  "optimization"  workers,  in  applying 
this  new  technique,  raised  it  again  to  twenty  fold.  This  makes  clear  that  the  application 
o<*  an  mu-arch  :nto  "ortimizati on"  techniques  have  real  significance.  Ihrticularly  in  the 
last  .on  yo-’-s  o’*  so,  the  develop:. ont  of  automatic  control  teclinology  one.  aviation  tech¬ 
nology  has  g’V'-n  rice  i.o  demands  for  high  precision,  high  reliability  and  high  speed  and 
cor"'  uortly  to  a  set  of  "ov -timization"  problems.  At  the  same  time,  due  to  the  development 
of  rom-vui'r  technology,  these  problems  could  not  only  be  described  in  terms  of  mathematics, 
but  also  became  suscent ihle  to  nrac tical  solutions.  To  say  it  in  ”ev--rse,  the  vide  variety 
o'*  ryday  aypli cations  of  computer  technology  caused  men  to  be  able  to  a-  ply  "optimiz¬ 
ation"  *e-ii--i  uon  to  solving  an  even  groat'  r  variety  of  rrac :  ical  nroblems,  to  obtain  ever. 

’  '.t"r  economic  and  technololcal  results  and,  because  of  this,  to  attract  the  attention 
and  on  team  of  poor]  n  to  an  e>"  r-ineve:  i.sing  degree. 


"Optimum"  means  good;  good  and  bad  can  only  be  talked  about  in  tarns  of  their  mutual 
o  os  It  ion;  e-.ictence  an'-  development  only  exist  in  terms  of  mutual  comparisons.  What  is 
c-lled  "op  iniza' ion"  is  o  ly  the  expectation  that,  under  specific  conditions,  good  objec¬ 
tives  rcTua’ly  can  be  reached.  ’That  we  normally  ’.all;  about  as  good  and  bar!  is  only  a 
qualitative  concept;  investigate  to  any  degree  you  like,  there  still  is  no  clear  standard, 
"ecause  of  this,  during  research  into  concrete  problems,  it  is  not  enough  to  "imply  alk 
about  good  a-d  bad;  it  is  still  necessary  to  have  a  specific  standard  of  measure.  If 
ve  con  set  up  r.  standard  of  good  and  bad  based  on  the  r^ouireraents  of  rrac  tical  problems, 
and  beyond  this,  use  exact  mathematical  formulas  to  express  the  various  types  of  conditions, 
then  one  could  turn  this  kind  of  practical  problem  into  a  mathematical  question  for  pur¬ 
poses  of  research,  'this  is  the  mathematical  implication  of  "cntir.isa tion". 


g  it  •  -n* 


rid 


(.VTIIitry  riAN 


Belov/,  we  ".resent  a  sim-le  example,  hu  rose  we  v/ant  to  manufacture  a  c  rt"in  kind  of 
machine  tool,  and  each  machine  tool  reou.ires  tivee  typer  of  shafts  (A,  B  and  C,.  which  have 
different  m-’asurer.ents;  i.he  nuecificasi  ns  .arc  given  below: 


Specification  ( in  meters )  i'o.  needed  pax  machine  tool 


A 


on 


B 


.1 


C 


1 

1 

1 


•3- 


These  shafts  must  use  the  same  type  of  steel  rod  for  finishing;  its  length  is  7*4  meters. 
The  current  plan  requires  the  manufacture  of  100  machine  tools.  We  must  ask:  at  a  minimum 
how  many  steel  rods  must  be  used  to  finish  into  the  steel  shafts? 

This  is  a  question  of  choosing  the  most  economical  plan.  If  one  chooses  a  workable 
plan*  he  problem  is  not  difficult  to  solve,  relying  on  experience.  Tor  example,  taking 
50  steel  rods  and  cutting  ach  one  into  two  A-type  rods  and  one  C-lype  rod,  one  would  get 
a  hundred  -\-type  rods  and  pO  C-type  rods:  taking  another  steel  rods  and  cutting  each 
into  two  C-type  rods  .and  two  B-tyre  rods,  one  would  get  50  C-type  rods  and  50  B-tyrc-  rods. 
’Tow,  we  are  still  short  50  B— type  rods  and  still  need  17  st.-  el  ”odc.  In  this  way,  we  would 
use  90  ’-ods  of  raw  .Material  all  together.  This,  of  course,  is  a  workable  plan.  However, 
is  jt  the  most  economical  plan?  We  still  cannot  answer  that.  If  it  5s  not,  can  we  find 
the  most  economical  plan  through  mathematical  description? 

In  crier  to  do  ah  is,  vie  arrange  the  various  cutting  methods  in  the  .able  b<  low: 


Looking  at  the  table,  using  plans  5  end  n  produces  a  relatively  large  amount  of  excess 
material;  this  is  unsatisfactory,  Using  plans  1  and  5  to  cut  produces  relatively  little 
excess  material  and  5s  more  satisfactory,  however,  these  plans  do  not  meet  the  requirement 
because  they  do  not  produce  any  P.1  meter  shafts.  Because  of  this,  we  must  simultaneously 
test  plans  9  and  4  and  how  they  satisfy  the  requirement.  How  our  question  is:  using  plans 
1,  P,  3  end  4  how  many  rods  will  each  plan  use  to  produce  100  sets  of  shafts  and  still 
minimise  the  total  of  wasted  rods  of  raw  material? 

If  we  su- pose  that  the  number  of  rods  to  be  cut  using  plan  1  is  ,  the  number  of  rods 
to  be  cut  using  plan  7  is  Xg,  the  number  of  rods  to  be  cut  using  plan  5  is  X,  and  the  number 
of  rods  to  be  cut  using  plan  4  is  X^,  ve  can  then  say  that  the  total  number  of  each  of  the 
A,  ?  and  C-types  of  shafts  is: 


no.  of  A-type  nh.afts=PX1+X2^: 

Ho.  of  3-tyue  shaf ts=2X_+2X. 

9  4 

Ho.  of  C-  Type  shafts^  +2>'j+?X^ 


In  ord-r  to  match  up  the  types  of  sliafts  to  make  100  sets  one  can  arrive  at  the  tabic  of 
mathematical  formulas  below: 

2X,  -  Xi  +  Xs^  100  1 
2Xt+2Xt~M  |(  1  > 
x,+$Xt+2X,'*m] 

*iS*0,  »■»!,  2.  3,  4. 

The  total  numb- a  of  shafts  expended  is: 

f(X„  X„  X„  X.J-X.  +  X, 

+  XitX,  (2) 

Our  •  robber,  is  then  to  d"-Mve  the  smallest  value  of  (o)  given  the  conditions  in.  (l  y. 
'.’e  s'‘sigr.ato  (')  to  be  the  target  function,  designate  (l )  to  be  the  rcsiri  cting  conditions, 
d-nignate  X.  the  design  change  n  enure*  This  is  a  problem  in  dele "mining  extreme  values 
an:5  can  he  called  an  "optimisation"  problem,  delving  the  problem  we  get  the  following 
answers 

X,««20,  X,*40j  X*«20» 

X.-10,  X,  — 10,  X,-50, 

x,-3o,  x*-o,  *9r. 


Hiis  way  one  will  expend  90  steel  rods  and  get  erectly  100  sets.  This  indeed  is  L he 
single  "ost  economical  method. 

Trom  the  discussion  above  one  can  see  that,  if  this  kind  of  simple  ■  .noblem  does  not 
have  a.  single  solution  and  if  one  depends  only  on  the  "tMal  and  error"  method  it  will  be 
very  difficult  to  f in<f  the  o  pirn  and  difficult  to  recognize  it  as  such  if  one  does 

find  it.  However,  after  going  through  this  hind  of  mathematical  t re atm  snt,  it  is  then  very 
easy  to  find  the  ontinur  pirn. 

Ln  suite  a  f aw  -rot  lens  which  arise  in  engin  ering  technology,  for  e--- ample,  we  want 
to  5  si'.r.  a  :  ulii-s '  ;\ge  "ocket  and  must  attain  a  are— determined  speed  with  minimum  fuel 
eon  sural  ion;  p'rhaas,  under  an  .as  sun  ml  ion  of  a  given  total  weight,  one  rust  eor?.'-ev.ly 
•lf.fi tribute  wMgit  among  the  various  stages  in  ord^r  to  obi. air*  maximum  range;  or,  to  give 
another  ^ypple,  we  aro  designing  an  airplane  and  require  minimum  weight  '  ithin  the  require¬ 
ments  of  adcniiaie  safety  and  rr;l  lability;  or,  in  pro  Mens  of  interception  in  space  and 
orbital  changes  in  space,  one  needs  minimum  tines,  etc.  These  types  of  questions 

are,  of  eou”:,e,  r.iich  more  complex  than  the  nroblep  of*  saving  raw  material  mentioned  above, 
so,  dr -.end  :ng  on  evn.-rience  and  a  "trial  an'  error"  method  would,  generally  speaking, 


only  nroduce  a  hn,v~l,v  workable  r-ethod  even  at  the  ex sense  of  a  jpreat  deal  of  work •  If, 
after  vo  1  anile  '--oblons  in  n.crorinnce  with  the  urine  ij  lew  end  methods  of  "opt  a  ir.aaion, " 
vre  advar.ee  Lov.’-a!  feed  .goals  always  carefully  c  amining  the  possibilities  of  every  situ¬ 
ation  accord ing  to  some  strategy,  and  avoid  aimlessness  in  this  way,  we  will  certain  ^y 
reach  goals  v^r  quickly,  Lav  ire  computers,  we  can  use  then  to  autoniati  ralDy  search  out 
the  optimum  plan. 

oiTLir:  -  ik 


following  alone;  with  the  development  of  science  and  technology,  each  science  and  tech¬ 
nological  realm  has  "reduced  large  umbers  of  optimisation  problrms,  t’he  common  tyres  of 
these  problems  have  many  aspects  and  ach  of  these  types  has  been  orgnised  into  a  sen. rate 
b  •  'nob  of  study  accord  in"  to  the  snecial  nature  of  -  ach  of  the  types  of  questions,  booking; 
<‘ron  the  point  of  vi‘ v  of  ap  lied  nginoering  technology,  we  can  pen  rally  identify  three 
tyr'es  cO  ’.rollers:  one  type  is  process  control  problems  end  optimum  control  problems} 
one '  type  is  problens  of  selecting  optimum  plans  referred  to  as  optimum  design;  -.he  thirl 
type  is  evp' r.inent'.tion/testinr  problens  end  problems  relating  to  the  0ptir.i7.ai  ion  of 
<r:pevl : :«n tai  ion/ 1 e s t in g, 

r'r'-e,  ve  will  introduce  again  the  general  situation  regarding  optimum  ‘esign. 

"e  always  hope  to  ho  able  to  select  a  relatively  optimum  plan  ’.'hen  carrying  out  any 
"iece  of  on  "in  na  ring  ••’^s.ign.  However,  concerning  systems  with  relatively  complex  r?  esj  pis, 
following  traditional  d-'cign  Methods,  ih  signers  often  have  difficulty  realising  th  ir  own 
■■rpec rations,  dor  exam 'le,  suppose  we  want  to  "sign  an  airplane  according  to  traditional 

design  methods,  first,  from  the  ero-'ri -nee  of  the  designers,  choose  initial  values  for  the 

rsf igurG 

various  desigi  namae t  rs  and  form  a  preliminary  plan,  ^  the  various  capabilities  of 
th.is  plan  and  compare  them  to  the  design  -•  quiremerts.  Generally  sp .a'-ting,  one  estimate 
vi  .1  C"r*ainly  n- t  a.]  low  one  to  ademuaiely  satisfy  reeuire'ientsj  since  this  is  go,  one 
then  needs  to  correct  certain  parameters  and  for’  a  second  plan;  repeating  this  process 
through,  several  refinements,  one  arr*v>'r.  at  a  new  plan  v;hieh  satisfies  requirements  and 
'■.her.  stops.  However,  •  •  l th  a  change  in  'coign  pa  ’ancimrs,  one  needs  a  new  estimate  of  weight, 
propulsion  capabilities,  aerodynamic  characteristics  end,  on  the  basis  of  theme,  a  new 
■'i" nring  of  t’  e  .•'iiri”rt  ca.ra.bil it jen;  because  of  this,  there  is  a  gr lat  deal  of  work 


[  nvolved  in 


.  figuring 


,  a.  new  clan.  Because 


this,  design  rs,  when  they  ore  "■'■signing,  can 


reform  only  a  veiy  f  w  checks;  gener’l.ty,  they  can  only  readjust  a  few  y  ronoters  (for 
example,  pow^r  to  weight  ratio,  wing  loading,  aspect  ratio,  r'-nr  deflection,  etc.).  At 
the  sane  time,  practical  design  work  still  requires  going  through  testing  in  on’ er  to  val¬ 
idate  a  design}  for  example,  the  wind  tunnel  test  in  the  project  design  phase,  hue  to 
the  "ir^np  and  time  .involved  in  testing,  it  is  only  possible  to  all'-w  a  very  small  number 
of  -amts  to  be  made.  Designs  done  .according  to  this  kind  of  design  process  ar  usual iv 

-6- 


.  *Ui»4wr, 


only  "workable  method c" 
By  using  eom.ufeers 


which  simply  satisfy  r  'ouiror.-r-ts;  they  are  not  optimum  Methods, 
one  enn  figure  out  a  large  number  of  wossible  me  Ihods  of  various 
tyres  in  a  v-ry  short  time  allowing  one  1o  nhoo3e  the  c ;  imuir.  method  from  among  them;  this 

is  nan if os  tty  a  great  step  forwanl  when  con  ear.  to  the  "trial  and  error"  method  wh  i  eh 

’ e rends  on  exoori ence  of  n  given  level,  even  Lnolv  ?int  cubjec  ive  personal  decisic no,  and 
which  can  only  ;ive  careful  eonsidem tion  to  a  smell  number  of  factors,  however,  we  must 
point  out  that,  while  we  c.an  use  computers  to  car  y  -nit  d esign  work,  the  method  of  calcu¬ 
lating  all  the  possible  plans  still  is  not  the  best  one.  That  being  the  case,  can  we  think 

of  n  way  of  figuring  out  the  optimum  method  without  figuring  out  all  the  no  joible  methods'' 


This  is  possible.  Optimisation  theory  and  methods,  particularly  non-linear  programing 
methods,  offer  a  foundation  for  ortimun  oormutcr  design.  In  the  v/ay  we  have  discussed 
before,  we  will  take  a  practical  problem  and  turn  it  into  a  mathematical  problem  in 
optimisation,  set  up  a  mathematical  Model  for'  ontimis&tion  and  establish  a  stand  aril  for 
d  isti.n-pii.shing  between  good  and  bad..  After  figuring  out  each  method,  we  can  carry  out  a 
•'omnarison  with  a  previous  method,  then,  figuring  out  the  methods  which  have  the  most 
future  use  accor’ ing  to  a  given  guideline,  we  can  eliminate  the  very  numerous  methods 


•’hide  have  no  future  use; 


m  this 


way  wc  can  find  the  optimum  method  without  having  to 


"i.gure  out  all  the  ;  os-.ible  methods;  this  .is  a  process  of  optimum  selection.  A  process 
of  this  hind  ■■p  call  optimum  design. 

According  to  reports  from  abroad,  the  American  Boeing  Company  used  a  type  of  o  tirc- 
iaati  n  prog-~un  to  cany  out  or-tinisat ! on  of  the  ray-load  plan  of  a.  high-speed  transport 
?  i rc.cnf+.  with:  the  re:  vu!!:  !.  the  pour  eng'- r  nay-T ord  increased  from  10?  v-rsons  to  ?53 

persons,  an  * a crease  of  51  percent. 

At  present,  in  the  field  of  construe  tion,  optimum  design  is  dev. doping  hy  leaps  and 
bounds.  In  simple  s  feme  turns,  o  fe'feuu  •.losign  '-an  reduce  materials  f.i  compared  wi.  th  ordinary 
•'  esi gns ;  in  somewhat  more  complex  structures,  it  c an  save  ?<T  on  materials  used;  and, 
in  relatively  complex  structures,  it  can  reduce  weight  by  40?  j.  Tor  example,  according  to 
literary  reports,  non-1  inear  program:.! i«g  methods  applied  to  the  design  of  .aircraft  wings 
can  reduce  v/aight  by  55  percent.  Ortim ’ zafeion  of  structural  designs,  accept  for  the  most 
light-weight  designs,  can  st-vr'  up  to  the  most  rigorous  structural  inspection.  A  f  racture 
is  often  composed  of  numerous  elerrnts;  the  functions  of  these  different  elements  in  the 
structure  r.s  a  whole  are  not  the  same;  the  influence  of  their  failure  on  the  rt-ucturo 
as  a  whole  is  not  the  same;  because  of  this,  the  probebi lity  of  f-  ilure  of  the  various 
elements  ran  be  fixed,  at  different  values.  This  is  appro-  riately  reflected  in  the  choosing 
of  relatively  high  strength  values  for  secondary  •  l an ants  end  relatively  low  srreng-th 
values  for  mair  elements  (sic);  in  this  way,  a  d'-sigr  <-an  be  r.ore  ■  co”omic.al  than  it  would 
have  been  if  uniform  strength  values  ’rad  been  used  t‘  re u.gh out,  and  safety  is  also  increased . 


-!■ 


.>  c  r*  so  that  l1--.  application  of  oH-imum  dcsi gn  by  computer  has  naiiy  rtlvani  pcs. 
kovev  ”,  i  1  is  wort': '.while  to  point  out  that,  nl though  manual  d  - sign  has  its  shortcomings, 
:i  'vise  -’S  its  strong  points,  recause  people  have  long  practical  experience,  they  can 
ako  ti:nly  d-oimi.ons  during  the  design  process,  com'-ct  designs,  etc.  ;  thin  is  ~o  e- 
thir.g  conrut" cannot  do.  Naturally,  wo  can  ash:  can  we  ■'■of  put  the  r.prn  of  romut-n'o 
and  t’  e  *»•: .'••rior.ee  of  neo”]p  together?  Present  techno! ogical  levels  already  offer  this 
kind  of  on  >.abi  1  iiy ,  At  verson t,  it  is  al  •-  vly  -  omsible  to  utilise  the  existing  automat  i c 
print-cat  and  graphic  displays  of  computers  in  such  a  wag  as,  to  give  a  physical  rop"osen- 
i "..tier,  of  a  design,  plan  in  Lh«  compuf-r:  ::ovc?ov  r,  it  ir  .also  possible  to  use  a  "light 
pen"  to  make  corrections  or.  the  grannie  lir.nlay  directly  and  in  a  tirnely  manner,  (dec 
Figure  ?}  Going  along  with  this,  while  the  computer  .is  run; sing,  design can  ini  erupt 
calculations  from  line  to  tine,  depending  on  the  situation,  correct  the  input  :  sogrsjn  and 
change  the  anal;,' hie  aroc^ss  in  such  a  way  'hat  the  c::n-;rience  of  ::m  and  the  rtpofi  of 
a ' •:  ••.tens  are  brought  together  very  ’..'all,  in  such  a  way  that  the  selection  of  an  optimum 


plan  .is  the  ' c  :ult  of  '.he  d'roct,  mutual  cooperai  *«-n  of  nan  and  computer,  Thin  not  only 
-avoi'' -  ur^-e-v  ~.T  calculations  1  -oicer.  efficiency  but,  rt  the  naiiie  time,  due  to  timely 
supervision  of  mutual  efforts,  v/e,  then,  have  the  possibility  of  understand ing  hotter  the 
a  '"'."1  s o’ V1  ■  c '  ■  on  cc;,vraen  11  ool  >tus  during  the  analvtic  » cocoas :  moreover,  v,re  have  a 


•  -i  ■••■■■>  of  so"  to  use  those  <■:  e.-uivn  upeoia.L  m:irris  to  avoir).  aimlessness  ir  dec-ten 
aoiivity,  uis  kind  "f  design  .'rocess  v;e  may  c>l]  machine— assisted  design.  this  tyre  of 
p  'v:.iw  eeripyi  m  hod  will  'hnd  vide  aw  ;  1  ioation  in  the  design  departments  of  the  aero— 


stive  special  mtter^s  to  avoid  aimleewi 


P  ■  i.i  vr 


cacc  ivdwstrv. 
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